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INTRODUCTI ON 
S a t e l l i t e s  i n  low a l t i t ude ,  high inc l ina t ion  o rb i t s  have been 
w e a  t o  study near-earth e f f e c t s  of perturbations occurring wel l  out i n  
the rmgnetosphere by observing the spatial  and temporal behavior of 
energet ic  e lectrons.  Studies concerned with 2 40 kev e lec t rons  include: 
the  i n i t i a l  observation of e lectrons prec ip i ta ted  i n t o  the  atmosphere 
from a l t i t u d e s  > 1000 km (O'Brien, 1962); the  i n i t i a l  observation of a 
di.mna1 var ia t ior ,  i n  the  trapped electron population ( O'Brien, 1963) ; 
fur ther ,  more de t a i l ed  s tudies  of trapped and prec ip i ta ted  e lec t rons  and 
t h e i r  d iurna l  var ia t ions  ( O'Brien, 1964; O'Brien and Taylor, 1964; McDiarmid 
and B u r r o w s ,  1964 a and b; Frank e t  al., 1964; Armstrong, 1965); and the  
recent  observation of the existence of "spikes" of 40 kev electrons a t  l a t i -  
tudes above the  boundary of t he  outer zone and p re fe ren t i a l ly  during l o c a l  
riight (Nciliarmid aEd Burrows, 1965). 
t h a t  i n t e r se  f laxes  of these lower energy electrons occur predominantly a t  
l o c a l  night  and high l a t i t u d e s  ( F r i t z  and Gurnett, 1965). 
A recent study at 10 kev has shown 
FTe present and review i n  th i s  paper t he  r e s u l t s  of an i n i t i a l  
s e r i e s  of s tud ies  concerned with the observation and in t e rp re t a t ion  of the  
s p a t i a l  and temporal behavior of high energy (Ee 2 280 kev) trapped electrons 
i n  the  outer zone. These observations were obtained at  low a l t i t u d e  and nigh 
l a t i t u d e s  from the  polar or5 i t ing  s a t e l l i t e  1963 38c. 
Differences In the  behavior of the lower energy (2 40 kev) and 
higher energy ( k  280 kev) e lectrons have been noted previously ( O'Brlen, 1964; 
v . .  
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Wil l i ams  a d  &ad, 1963). It i s  possible that an improved understanding of 
the behavior of  the low energy electron population may be achieved by a 
f u l l e r  understanding of the high energy e lec t ron  population. We w i l l  present 
evidefice, using the 2 280 kev electron data obtained from instruments &board 
s a t e l l i t e  1963 38c, which leads us t o  bel ieve t h a t  a f e w  cha rac t e r i s t i c  
features  of t he  behavior of the high energy e lec t ron  population i n  the  outer 
zone can be understood i f  the d i s t o n e d  geomagnetic f i e l d  i s  taken i n t o  
cons i d c r a t i  on. 
The data concerning 2 280 kev electrons w i l l  be presented i n  three  
sections:  
trapped e lec t ron  i n t e n s i t i e s  and appear t o  be c lose ly  r e l a t ed  t o  the  passage 
Dayside variations which-show a s t r i k i n g  27 day cor re la t ion  i n  
of the  sec tor  boundaries of t h e  interplanetary f i e l d  as observed by Ness and 
Wilcox (1965); Diurnal var ia t ions  which a re  shown t o  be consis tent  with 
charged p a r t i c l e  motion, under conservation of t he  adiabat ic  invariants ,  i n  
a d i s to r t ed  f i e l d  s imi la r  t o  t h a t  measured by IMP-1 (Mess e t  al., 1964); and 
Ston&- time var ia t ions  which show tha t  the behavior of these trapped electrons 
&wring a main phase magnetic storm i s  consister. t  with the simultaneous be- 
hzvior of the magnetic f i e l d  i n  the ea r th ' s  aagnet ic  t a i l  (Ness and W i l l i a m s ,  
1965) - 
. .  
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SATELLITE AID DETECTOR 
T'he s a t e l l i t e  1963 38c and the detector  of i n t e r e s t  have been 
described i n  d e t a i l  previously ( W i l l i a m s  and Smith, 1965) e 
S r i e f l y ,  t he  s a t e l l i t e  1963 38c was launched on September 28, 
1953 into a cez r ly  c i r c u l s s  polar orki t  i av ing  a 1140 km apogee, a 1067 
hi perigee, an 89.9' i nc l ina t ion  and a 107.3 min. period. Jus t  after 
launch the  satel l i te  o r b i t a l  plane made an angle of 6' with the  noon- 
T-i&nig>z Keridian and w a s  moving tawa-rd the  Goon-midnight meridian 8t tne  
due t o  t h e  e a r t h ' s  motion about the  sun. 
aligned and disFlayed an o s c i l l a t i o n  of 
5 6' &out the l o c a l  l i n e  of force some three  days after launch. 
The experiment of i n t e r e s t  is an i n t e g r a l  e lec t ron  spectrometer 
corrprlsed of f ive ,  one millimeter thick,  surface b a r r i e r  s o l i d  state de- 
t ec to r s .  A combination of discriminator l e v e l s  and absorbing f o i l s  y ie lds  
the  spectrometer c5a rac t e r i a t i c s  shown i n  T & l e  I. Monitoring an onboard 
proton spectrometer has shown t h a t  proton contamination i n  these outer 
zane e l ec t ron  da ta  i s  negl igible .  
The spect;,ometer i s  oriented t o  look out normal to the  s a t e l l i t e  
alignment ax is .  Therefore, after alignment has been achieved the instrument 
measures the  i n t e n s i t y  of trapped electrons mirroring at ( o r  very near) t h e  
poin t  of observation. 
Results from the  two lower  energy channels, Ee 2 280 kev and 2 1.2 
Xev, w i l l  be presen5ed i n  t h i s  report .  Direct ional  flu leve l s  (#/ern* see s te r ) ,  
\ 
. .  
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accurate t o  
l e v  count r a t e s  by 500 and 1000 respectively.  
& 5O$, can be obtained by multiplying the 2 280 kev and 2 1.2 
A s  of July, 1965 s a t e l l i t e  1963 38c w a s  s t i l l  i n  operation and 
t ransmit t ing da ta  of high qual i ty .  
. .  
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DAYSDE VARIATIONS 
In  t h i s  sect ion we s h a l l  present some da ta  and cor re la te  i t s  
behavior with other phenomena. We do not know the  mechanisms responsible 
fo r  the observed p a r t i c l e  behavior i n  t h i s  case, even though we can 
qua l i t a t ive ly  predict  t h i s  behavior given the  behavior of an addi t ional  
parameter, e.g., the  K values. It appears t h a t  t o  even eliminate ce r t a in  
xechanisms from consideration, simultaneous observations are required, not 
P 
c ~ l y  of magnetic and p a r t i c l e  phenomena, bu t  a l s o  at  various posi t ions on 
l l n e s  of far the magnetosphere. Hopefully, i n  the future 
mre use w i l l  be made of simultaneous observations t o  t r a c k  down the  
m e c h n i s ~  responsible f o r  t h e  chmged p a r t i c l e  behavior throughout t h e  
trapping regions. 
A n  i n i t i a l  study of trapped, 2 280 kev e lec t ron  in t ens i t i e s ,  
observed on the silnlit hemisphere by s a t e l l i t e  1963 38c, w a s  presented by 
Williams and Smith (1963). A correlat ion of trapped e lec t ron  i n t e n s i t i e s  
with magnetic a c t i v i t y  (enhanced electron i n t e n s i t i e s  correspond t o  high 
K 
responses t o  magnetic a c t i v i t y  as a function of t he  magnetic s h e l l  
parameter, L. Time delays i n  the electron response t o  magnetic a c t i v i t y  
were obtained and found t o  increase with both increasing energy and L. 
rough cor re la t ion  of the energy spectrum with magnetic a c t i v i t y  w a s  ob- 
ta ined,  showing t h a t  the  spectrum becomes sof ter  as the  magnetic a c t i v i t y  
increases .  
v a l i x s )  w a s  presented along with the cha rac t e r i s t i c s  of t he  e lec t ron  
P 
A 
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It w a s  a l s o  observed t h a t  during t i n e s  of magnetic quiet ,  the  
trapped electron i n t e n s i t i e s  exhibi t  a steady decay, implying t h a t  a steady 
so lar  wind does not supply f resh  par t ic les  t o  these high l a t i t u d e  ( L  2 3), 
low a l t i t u d e  trapping regions. Perburbations i n  the  trapped p a r t i c l e  popu- 
l a t i o n  seem t o  occur mainly when the  solar  wind and/or the  in te rp lane tary  
f i e l d  d i rec t ion  changes. 
It w a s  fur ther  observed tha t  e lec t ron  i n t e n s i t y  increases occurred 
How- during the  time of the  27-day recurring increase i n  magnetic ac t iv i ty .  
ever, only one so la r  ro t a t ion  period was included i n  the  analysis  and no 
d e f i n i t e  correlation with  a 27-day period could be made. 
We have now obtained the  trapped, ;r 280 kev e lec t ron  da ta  at 1100 
km on the s u n l i t  hemisphere f o r  the f i r s t  four  so l a r  ro t a t ion  periods after 
the  launch of 1963 38c. 
on October 6, 1963, Nwember 2, 1963, Nwember 29, 1963, and December 26, 1963. 
The so lar  rotat ions analyzed are  the  four beginning 
TI- -';Le da t a  show a de f in i t e  27-day per iodici ty  i n  t h a t  the  high energy ( E  2 280 e 
kev) trapped electrons throughout much of the outer zone ( L  2 3.3 at 1100 km) 
undergo an in t ens i ty  increase every 27 days coincident with the  recurr ing 
magr,etic a c t i v i t y .  
This is  shown i n  Figures 1 and 2 where the  trapped e lec t ron  in -  
t e n s i t i e s  at  L = 4.5 are displayed f o r  E 
t i v e l y ,  f o r  the four consecutive solar ro t a t ions  beginning October 6, 1963. 
The d a t a  have been reduced as in tens i ty  (counts per sec)  versus time p l o t s  
a t  ha i f  i n t e g r a l  values of L from L = 3.0 t o  L = 8.0. 
shown as being typ ica l  of the  center of t he  outer zone. 
2 280 kev and E e e 2 1.2 MeV respec- 
The L = 4.5 s h e l l  i s  
Shown along with 
The Johns Hcpkinr University 
APPLIED PHYSICS L A G O X A T O R V  
Silver Spring, Maryland 
t 
a 
t h e  electron da ta  a re  the  3 hour averages of K The correspondence between 
the  electron i n t e n s i t i e s  and magnetic a c t i v i t y  i s  readi ly  discernible .  
P' 
During the l a t t e r  two solar  ro t a t ion  periods shown i n  Figures 1 
and 2, Xovember 29 and December 26, 1963, the magnetometers aboard the NASA 
IMP-1 s a t e l l i t e  were able t o  monitor the interplanetary magnetic f i e l d .  For 
these two so lar  ro ta t ions  plus the succeeding ro t a t ion  beginning Jafiuary 22, 
1963, Ness and Wilcox (1963) have reported the  existence of a regular  longi- 
t ud ina l  sector  s t ruc ture  In  the  interplanetary f i e l d .  The t o t a l  longi tudinal  
s t ruc tu re  co-rotates with the  sun and i s  separated i n t o  four sectors .  In  two 
of these sectors, each occupying about 2/7 of t h e  t o t a l  longitude, t he  f i e l d  
i s  directed away (+) from the  sun. In the two remaining sectors ,  2/7 and l/7 
of the  t o t a l  longitude, t he  f i e l d  i s  directed toward ( - )  the  sun. The sector  
boundaries a re  neut ra l  sheets separating regions of oppositely d i rec ted  f i e l d  
and produce, as they sweep past  the  ear th ,  a rap id ly  changing t r ans i s t iona l  
f i e l d  configuratioc which may in te rac t  with the magnetosphere and i t s  environs. 
Tne sec tor  boundaries as measured by Ness and Wilcox (1965), are 
iricluded i n  the  p lo t s  of Figures 1 and 2, and it can be seen t h a t  t he  increase 
i n  trapped electron i n t e n s i t i e s  observed near the beginning of a so la r  ro- 
t a t i on ,  occur a t  or just after the a r r i v a l  of a sector  boundary. 
i c t e r e s t i n g  t o  cote t h a t  fo r  the  rotat ions of November 2, November 29, and 
December 26, 1963, there  i s  an addi t ional  p a r t i c l e  increase a t  the a r r i v a l  
It i s  
of t he  sector  boundary located N 1-80' from the  i n i t i a l  p a r t i c l e  increases.  
The passage of both of these boundaries produces a s i m i l a r  t r ans i s t iona l  
f i e l d ,  i .e . ,  the  f i e l d  changes from - t o  -i-. Tne l a t t e r  port ion of t h e  
. .  
The Johns tlopkinr University 
Silver Spring, Maryland 
* APPLIED PXY91C8 LABORATORY 
9 
October 6 ro ta t ion  w a s  obscured by two large s torms  and thus does not exhibit 
t h i s  e f f ec t .  
Yhese r e s u l t s  shaw c lea r ly  the f ac t  t h a t  the trapping region i s  
very sens i t ive  t o  conditions i n  the  interplanetary medium. 
planetary f i e l d  configuration or t he  solar plasma in t ens i ty  i s  the  primary 
t r igge r  for these magnetospheric and p a r t i c l e  i n t ens i ty  responses, i s  riot yet  
known. It i s  somewhat surpr is ing,  t‘nough, t h a t  these rLld perturbations 
(compared t o  t h e  storms near solar-maximum) a r e  able t o  s ign i f i can t ly  al ter 
the  r e l a t i v i s t i c  e lectron population deep i n  the  magnetosphere ( L  = 3.5). 
Whe-cher the in t e r -  
Final ly ,  we show i n  Figure 3 a p l o t  of the  trapped, 2 280 kev 
e lec t ron  in t ens i ty  a t  L = 3.0 f o r  these so l a r  ro-cations.  
response can be seen a t  the  sector  boundaries. 
a c t i v i t y  yields  p a r t i c l e  increases at L = 3. 
a t  the  end of  October, 1963 and not again u n t i l  Ganuary, 1964. During the  
r e l a t i v e l y  quiet  periods,  tke in t ens i t i e s  s’r,ov a steady decay r i g h t  t o  t h e  
de tec tor  count r a t e  threshold.  
No discernable 
Only intense magnetic 
This occurs f o r  two storms 
. .  
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DIUfiKAL VABIATIONS 
Measurements of the  diurnal  s h i f t  of trapped, 2 280 kev electrons 
i n  the outer zone (Wi l l i ams  and Palmer, 1965) showed t h a t  these higher energy 
electrons display a s ign i f i can t ly  smaller d iurna l  l a t i t u d e  s h i f t  duricg 
periods of magnetic quiet  than do trapped, 2 40 kev electrons i n  the  outer 
zone. 
suggested t h a t  t h e  diurnal  s h i f t  of the trapped, 2 280 kev electrons r i g h t  
An i n i t i a l  qua l i ta t ive  analysis by W i l l i a m s  and Palmer (1.965) 
be explained by p a r t i c l e  motion, under conservation of the  adiabat ic  in- 
var ian ts ,  i n  a d i s to r t ed  magnetosphere such as described by Mead (1964). 
A recent,  more de ta i led  quant i ta t ive study of these d iurna l  s h i f t s  
" _  
( W i l l i a m s  and Mead, 1965) has shown that  the  addi t ion of a current  sheet i n  
the  an t i - so la r  hemisphere of Mead's m o d e l  i s  found t o  f i t  t he  observed 
l a t i t u d e  s h i f t s ,  assuming charged pa r t i c l e  motion under t h e  conservation of 
the  ad iaba t ic  invar iac ts ,  p and 5, and the  energy E. The addi t ion of t h i s  
region of enhanced plasma densi ty  i n  the t a i l  f i e l d  leads t o  a quiescent 
f i e l d  configuration similar t o  t h a t  recent ly  suggested by Dessler and Juday 
(1963) and Axford e t  al.  (1963) and recent ly  measured by the  magnetometer 
aboard IMP-1 (Ness, 1965). 
We s h a l l  b r i e f l y  review the invest igat ions of W i l l i a m s  and Mead 
(1965) leading t o  the r e s u l t  t h a t  the behavior, during periods of magnetic 
qu ie t ,  of energet ic  ( E  2 280 kev) electrons trapped i n  the  outer zone i s  
cons i s t ec t  with t h e i r  motion i n  a d is tor ted  magnetosphere s i m i l a r  t o  t h a t  
e 
suggested and observed, under the conservation of the ad iaba t ic  invariants ,  
. I  
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p, and J, and the  energy, E. 
MeV) electrons near the  geomagnetic equator has lead t o  a qua l i t a t ive ly  
similar r e s u l t  (Frank, 1965). I n  t h e  following sect ion we s h a l l  discuss 
some cha rac t e r i s t i c  features  of outer zone electron behwior  during mag- 
ne t i ca l ly  disturbed periods. 
A recent study of trapped high energy (Ee 2 1.6 
Figure 4 shows the  noon and midnight l a t i t u d e  p ro f i l e s ,  displayed 
as count rate vs. invariant  l a t i t u d e  plots,  obtained f o r  the  magnetically 
quiet  period October 2 through October 12, 1963. 
represent the  average values obtained f o r  47 dayside passes and 28 night- 
s ide  passes received during t h i s  time period (Williams and Palmer, 1965). 
I n  t h i s  time in te rva l ,  the  s a t e l l i t e  o r b i t a l  plane remained within 8' of 
noon-midnight meridian. 
The curires of F igwe 4 
I 
~ 
I 
I 
I It can be seen from Figure 4 t h a t  both energies, Ee 2 280 kev and 
2 1.2 MeV, behave i n  a similar manner and show a d i s t i n c t  separation of the  
noon and midnight l a t i t u d e  prof i les .  
separat ion i s  simply a l a t i t u d e  shift of the  trapped e lec t ron  population 
due t o  t h e i r  d r i f t  i n  a d i s to r t ed  magnetosphere under conservation of p,, J 
and E, t he  amount of l a t i t u d e  s h i f t  was obtained as a function of noon time 
l a t i t u d e  by obtaining the  noon, AD, and midnight,, %, l a t i t u d e s  which y ie ld  
the  same trapped e lec t ron  in tens i ty .  
T o  t e s t  the  hypothesis t h a t  t h i s  
These r e s u l t s  are shown i n  Figure 5 where the  amoun?; of s h i f t ,  
I 
I 
an=$, -  AN, i s  p lo t t ed  versus the  noontime l a t i t u d e  of obsen-ztion, $. 
Since t h e  2 1.2 MeV e lec t ron  da ta  displayed the  same bekavior, only the  
2 280 kev e lec t ron  da ta  are shmn. Two methods of analyzing the data ,  f o r  
. .  
* The Johns Hopkinr University 
APPLIED PHYSICS LAOORATORY 
Silver Spring, Maryland 
12 
reasons of accuracy ( W i l l i a m s  aEd Y ~ a d ,  1-96?), are  shown i n  Figvie 5.  
The niitched pass da ta  are from p a i r s  of passes, each p a i r  of which y ie lds  
6a ta  continuous i n  time t h a t  t races  out both noon and midnight l a t i t u d e  
p ro f i l e s  within a period of N 30 minutes. This i s  as close as one can 
cone with one s a t e l l i t e  t o  simultaneous observation of the noon and mid- 
night  p ro f i l e s  and eliminates a great  deal of s c a t t e r  due t o  time 
var ia t ions  associated with magnetic ac t iv i ty .  
It i s  now possible t o  f i t  t h i s  observed diurnal  va r i a t ion  by 
adjust ing the  magnetic f i e l d  configuration t o  y ie ld  the appropriate d r i f t  
paths while conserving g, J and E. This w a s  done by using a dayside con- 
f igura t ion  (Mead, 1964) which agrees with experimental observations (Ness 
e t  al. ,  1964) m d  adjust ing the nightside configuration t o  f i t  the  r e s u l t s  
of the  charged p a r t i c l e  observations. 
The s o l i d  l i n e  through the data i n  Figure 5 shows the predicted 
amount of s h i f t  from the  model magnetosphere considered t o  y ie ld  the  most 
reasonable r e s u l t s  of the configurations tes ted .  
sphere i s  shown i n  Figure 6. 
coincident with the  nightside magnetic equator which separates  so la r  
d i rec ted  f i e l d s  i n  the  northern hemisphere from ant i - so la r  directed f i e l d s  
i n  the  southern hemisphere. 
current  sheet alone, 
cons is t ing  of B 
magnetospheric boundary currents (Bs). 
t rapping boundary, defined by f i e l d  l i ne  closure,  occurs a t  67O a t  an 
The r e su l t an t  magneto- 
It is seen t o  contain a current sheet 
The dahsed l i n e s  show the  f i e l d  due t o  the  
while the  sol id  l i n e s  give the  resu l tan t  f i e l d  BCS' 
the  ea r th ' s  dipole f i e l d  (Bd) ,  and the  f i e l d  due t o  CS' 
The midnight meridian high l a t i t u d e  
. .  
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a l t i t u d e  of 1100 km and agrees with the observed nightside boundaries for 
bGth 5 40 kev and 2 280 kev electrons.  
The current sheet shown i n  F i g u r e  6 extends from 10 Re ( e a r t h  
r a d i i )  t o  40 Re and has a s t rength of 40 y immediately adjacent t o  the  
sheet.  These paramezers cannot be uniquely determined by t h i s  type of 
analysis .  We therefore  show i n  Table I1 addi t ional  current sheet configu- 
ra t ions  which w i l l  f i t  the  observed diurnal vmia t ions .  Note t h a t  these 
f i e l d  s t rengths  are sonewhat la rger ,  on the  average, than those observed 
from - 10 Re t o  30 Re i n  the  t a i l  (Ness, 1963). 
TA3LE I1 
Current Sheet Character is t ics  
Inner 
10 
8 
a 
Outer 
Edge 
40 
40 
100 
40 
33 
23 
Tnis f i e l d  configuration, i t s  cha rac t e r i s t i c s  and shortcomings 
have bsen discussed i n  some d e t a i l  by  W i l l i a m s  and Mead (1965). 
ments inclcde the use of a more appropriate current  sheet i n  the  model, 
the  inclusion of a possible r ing  current, and a readjustment of the  co- 
e f f i c i e n t s  defining the  f i e l d  due t o  the boundary currents.  
Improve- 
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However, the s imi l a r i t y  of the f i e l d  shown i n  Figure 6 t o  recent  
observations (Ness, 1963) and recent t heo re t i ca l  suggestions (Dessler and 
Juday, 1965; Axford e t  a1 
of magnetic quiet ,  energet ic  ( E  
zone behave i n  a manner consistent with t h e i r  d r i f t  i n  the d i s to r t ed  geo- 
magnetic f ie ld ,  under conservation of t he  adiabat ic  invariants ,  p and J, 
and the energy, E. 
1963) leads us t o  conclude t h a t  during periods 
2 280 kev) trapped electrons i n  the  outer 
- f 
e 
We next present observations of the  storm time behavior of 
energet ic  outer zone electrons which demonstrate the close in te rp lay  
ex i s t ing  between t F z  trapping regions and the extended geomagnetic tai l .  
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STORM TIME VARIATIONS 
E a l y  measurements of the  high l a t i t u d e  boundary of  trapped, 
2 40 kev electrons a t  low a l t i t u d e  showed t h a t  t h i s  boundary moves t o  
lower l a t i t u d e s  during periods of intense magnetic a c t i v i t y  (Maehlun 
and O'Brien, 1963). This e f f ec t  seem t o  occur f o r  40 kev electrons,  on 
both the  dayside and nightside hemispheres. A movement t o  lower la t i -  
tudes during high magnetic a c t i v i t y ,  of the midnight meridian high 
l a t i t u d e  boundary of trapped, 2 280 kev electrons has a l s o  been reported 
( W i l l i a m  and Palmer, 1963). However, f o r  these higher energy electrons,  
the noontime high l a t i t u d e  boundary does not seem mdch d is t -ubed  through- 
out the  period of magnetic ac t iv i ty .  
( a  few days), t he  noontime' trapping boundary appears t o  move s l i g h t l y  t o  
Sometime a f t e r  the  peak of a c t i v i t y  
higher l a t i t udes ,  an e f f ec t  which may be simply a manifestation of an 
overa l l  increase i n  trapped p a r t i c l e  i n t e n s i t i e s  ( W i l l i a m s  and Palmer, 
1965) 
The i n i t i a l  r e s u l t s  of a study now underway have shown t h a t  
during a magnetic storm the midnight l a t i t u d e  p r o f i l e  of  trappped electrons 
a t  1100 km behaves i n  a manner consistent with the  behavior cf t he  magnetic 
t a i l  f i e l d  at  30 R (Ness and W i l l i a m s ,  1963). These r e s u l t s  are obtained 
by  using simultaneous observations of trapped electrons by the  APL s a t e l l i t e  
1963 38C and of the magnetic f i e l d  by the NASA s a t e l l i t e  IMP-1. 
review these r e s u l t s  and present evidence t h a t  t h i s  s t o r m  time behavior 
appears t o  be a predictable pa t te rn .  
e 
We s h a l l  
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Figure 7 shows a sequence of midnight meridian passes, again 
displayed as count r a t e  versus la t i tude  p lo t s ,  obtained p r io r  to ,  during, 
and a f t e r  a period of mgnet ic  ac t iv i ty  occurring on Ybch  30, 1964. 
p lo t  of the  planetary K 
t h a t  passes a and b, obtained p r io r  t o  the disturbance, d i sp lay  l a t i t u d e  
A 
We see index i s  given at tine top of t he  Figure. 
P 
p ro f i l e s  s imilar  t o  those observed during periods of mgne t i c  qu ie t  
( W i l l i a m s  and Palmer, 1963; Wil l iams  and Mead, 1965). Pass c, obtained 
during the  disturbance, shows a d i s t i n c t  collapse of the outer boundary 
t o  lower l a t i t udes .  Pass a, obtained a f t e r  the dis twbance,  shows t h a t  
t he  bGundary has moved back toward the pre-storm valae. 
A sequence of passes analyzed e a r l i e r  for the  magnetic d i s -  
turbance occurring on Apri l  1, 1964, shows the  same cha rac t e r i s t i c  
behavior as above (Ness and W i l l i a m s ,  1965). 
of March 30, 1964 and Apri l  1, 1964) no new p a r t i c l e s  had zppeared at 
the  t i m e  of the collapse of the outer boundazy t o  lower i a t i t udes .  Xow- 
ever,  a f t e r  the disturbance (passed i n  Figure 7), f r e sh  p a r t i c l e s  appear 
tkroughout these trapping regions. 
I n  both cases ( t h e  s torms 
The behavior of the  midnight high l a t i t u d e  boundary for trapped 
2 280 kev electrons (defined at  1 count per sec and shown as small dashes 
i n  F ig -ue  7) i s  shown i n  Figure 8 for the  period March 29 tnrough Apri l  2, 
1964. A p l o t  of the  K index i s  included. The dramatic lowering of the  
m i b i g h t  trapping boundary during magnetically act ive periods i s  c l ea r ly  
observed. During t h i s  period, the s a t e l l i t e  w a s  within 4" of the  midnight 
meridian. 
P 
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The collapse of  the trapping boundary t o  lower l a t i t u d e s  during a 
nagnetic disturbance may be caused by formerly closed l i n e s  of force being 
extended i n t o  the t a i l  region during the disturbance. 
these f i e l d  l i n e s  w i l l  be thus injected i n t o  the d i s t an t  magnetic f i e l d ,  
possibly forming some of the electron “patches” observed recent ly  i n  these 
regions (Anderson e t  al., 1965). 
Pa r t i c l e s  trapped on 
Analyzing the  da ta  fo r  the April 1, 1964 distur’bance, Ness and 
Williams (1965) found t h a t  coincident with the  surface nagnetic a c t i v i t y  
and the trapped e lec t ron  boundary collz-pse, the f l e l d  s t rength  a t  30 Re 
i n  the  ta i l  increased. 
the  t a i l ,  it w a s  possible t o  obtain a midnight trapping boundery f o r  
e l ec t rons ,by  analyzing f i e l d  l i n e  closure i n  the  f i e l d  model of Figure 6 
( W i l l i a m s  and Mead, 1963). 
Usihg a time h is tory  of  the  f i e l d  magnitude i n  
These r e su l t s  are  reproduced here i n  Figure 9. 
The t a i l  f i e l d  magnitude i s  given by three 
seen t o  s t rongly cor re la te  with K . The disturbance 
c l e a r l y  seen i n  The t a i l  f i e l d  magnitudes and the i( 
P 
midnight trapping boundary i s  shown and w a s  obtained 
P 
hour averages and i s  
on Apri l  1, 1964 i s  
values. Tne predicted 
using the following 
current  sheet parameters: 
s t rengths  as shown i n  Figure 9. 
and d, correspond t o  passes obtained at  a, 0651 hrs 31 March 1964; b, 
0608 l w s  1 Apri l  1964; c, 0000 hrs 2 April 1964; d, 0326 hrs 2 April  1964. 
inner edge, 8 Re; outer edge, 200 Re and f i e l d  
The measured trapping boundaries a, b, c 
Wiile the  absolute posit ion of the predicted and measured 
boundaries d i f f e r  by an average of about f i v e  degrees, it is seen t h a t  
the ragnitude of the  boundary collapse during the  disturbance can be 
The Johns Hopkint Unaverstty 
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explained by the behavior of  the ta i l  f i e l d .  The discrepancy i n  absolute 
pos i t ion  has been noted a d  discussed previously ( W i l l i a m s  and Mead, l96ij; 
see model improvements l i s t e d  i n  previous sec t ion) .  
We have thus seen t h a t ,  using a t a i l  f i e l d  model of the magneto- 
sphere and assuning motion of charged p a r t i c l e s  conserving p, J and E,  the  
behavior of the midnight l a t i t u d e  prof i le  for energet lc  e lectrons as ob- 
served a.t 11130 lcri: i?, consis tent  ~ 5 t h  the behavior of the magnetic f i e l d  
soii:e 30 R i n  the ta i l .  Moreover, the magnitu2.e of the latitEde s h i f t  is  
i n  f a i r  quant i ta t ive  agreement with the resljlts o-i" a f i e l d  model using a 
e 
t a i l  l i k e  structure. 
The da ta  of Figures 7 and 8 imply t h a t  t h i s  i s  a predictable  
k f f ec t  and i s  not a spec ia l  event unique t o  the April  1, 1964 disturbance. 
A general  study i s  now underway using all avai lable  simultaneous da t a  from 
the s a t e l l i t e s  1963 38c and IMP-1. 
. The Johns Hopkins University 
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Evidence of a 27 day cycle i n  t he  i n t e n s i t i e s  of energet ic  ( E  2 e 
280 kev) trapped electrons has been presented. 
out much of  the  outer zone, L 2 3.5. Occurring near the minimum of s o l a r  
a c t i v i t y ,  t h i s  e f f e c t  shows c l ea r ly  the sens i t i ve  in te rp lay  between the  
rad ia t ion  cavi ty  and the propert ies  of the so l a r  wind and of the  i n t e r -  
planetary magnetic f i e l d .  The correlat ion of these  i n t e n s i t y  increases 
with the passage of the  recent ly  observed in te rp lane tary  magnetic f i e l d  
sec tors  (Zess and Wilcox, 1965) was also demonstrated. 
This e f f e c t  occurs through- 
It w a s  Af-wther shown t h a t  t h e  behavior of trapped, energet ic  
e lec t rons  during periods of magnetic q u i e t  i s  consis tent  with t h e i r  
motion i n  the d i s to r t ed  geomagnetic f i e ld ,  under conservation of the 
aa i aba t i c  invar ian ts .  Using t h i s  resu l t ,  it w a s  then shown t h a t ,  during 
magnetic storms, the  observed behavior of the midnight meridian high 
l a t i t u d e  trapping boundary of 2 280 kev e lec t rons  i s  cons is ten t  wi th  the  
observed behavior of t he  t a i l  f i e l d .  
Many problem s t i l l  e x i s t  i n  connection with these trapped 
energe t ic  e lec t rons .  Where do they  come from? Are the  observed in-  
t e n s i t y  increases  due t o  in jec t ion  a t  lev energy from the  so l a r  wind 
i n t o  the  magnetosphere and subsequent acce lera t ion  within the magneto- 
sphere, or a r e  the i n t e n s i t y  increases due t o  l o c a l  acce lera t ion  mecha- 
R i s m s ?  By observing the  s p a t i a l  and energy dependence of the low a l t i t u d e  
trapped e lec t ron  i n t e n s i t y  increases,  one " fee ls"  t h a t  no s ingle  mechanism 
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i s  respocsible for these changes throughout the  e n t i r e  trapping region 
( W i l l i a m s  and Smith, 1-96?). Rather, d i f f e ren t  mechanisms may dominate i n  
various regions of the  magnetosphere. What a re  some of these "accelerat ion 
mechanisms" capable of accelerat ing electrons t o  many MeV i n  energy? 
a re  the loss processes causing the  observed l i f e t imes  i n  the outer zone 
( W i l l i a m s  and Smith, 1965)? 
2 280 kev electrons much perturbed during nagnetic disturbances? 
e l e c t r i c  f i e l d s ,  capable of accelerating e lec t rons  some tens  of kev but  
not hundreds of kev (Taylor and Hones, 1965), explain t h e  many differences 
between the behavior of Z 4.0 kev and 2 280 kev trapped e lec t rons  (O'Brien, 
3-964; W i l l i a m s  and Kead, 1-96?)? 
What 
Why l s n s t  the  dayside trapping boundary f o r  
Can 
With improved measurements and the  a v a i l a b i l i t y  of quant i ta t ive  
models f o r  comparison, we hope t o  see many of the  questions answered during 
the  oncoming so lar  maximum. One of the  most important t oo l s  i n  these 
analyses w i l l  be the use of simultaneous observations at  various obser- 
va t ion  points  tkioughout the  mgnetosphere. 
The Johns Hopkinr Univerri?y 
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Figu,-e 1: Trapped electron in t ens i t i e s  fo r  the  f o w  consecutive solar 
ro ta t ions  beginning October 6, 1963. 
4.5 and 1100 km. The occurrence of the in te rp lane tary  mag- 
ne t i c  f i e l d  sector  boundaries i s  a l so  shown, + = f i e l d  away 
from sun, - = f i e l d  toward sun (n'ess and Wilcox, 1965). The 
trapped electron in t ens i t i e s  &re seen t o  displzy a c l ea r  27- 
day va r i a t ion  with increasing i n t e n s i t i e s  occurring as a 
sec tor  boundary sweeps past the earLh. There i s  a l s o  
evidence f o r  a second increase occurring - 180' (13 1/2 days) 
a f t e r  t he  i n i t i a l  increase i n  a given ro t a t ion  period. 
The data are f o r  L = 
Figwe 2: Same as Figure 1: L = 4.5 E 2 1.2 Mev. Note time l a g  e 
between appearance of  these higher energy electrons and the  
lower energy electrons in  Figure 1. 
- Fio.;.-- ,-e 3: Same as Figure 1: L = 3.0 Ee 2. 280 kev. Note steady decay 
except for occurrences of  sudden intense magnetic a c t i v i t y .  
.,. . Pigue 4: Day and night count ra te  versus A p l o t s  for the  magnetically 
quiet  period October 2-12, 1963. Cwves are shown f o r  both 
E 2 280 kev a d  2 1 .2  MeV. A i s  defined a t  s a t e l l i t e  a l t i -  
tude: cos I\ = q ! .  (From W i l l i a m s  and Mead, 1965) e 
- .  
i;nz-e 3 5 :  Plo t  of l a t i t u d e  s h i f t ,  AA = $, - h-, versus noontime l a t i t ude ,  
. Bars on da ta  points represent e n t i r e  spread of data seen % 
The johns Hopkins ?Intverrity 
I A ? P L I t D  PiiYSiCS L A i G R A T O R V  
3 Solver Spring, Maryland 
23 
durizg the Feriod October 2-12, 1963. Sol id  cwv?  i s  the  
predicted l a t i t u d e  s h i f t  oi;tained f ' r o ~  the nagnetosphere 
n&el of 7igure 6. (From Willims and Mead, 1965) 
-. / 2'igcre c: hgnetospher ic  configuration f iT t ing  the trapped e l e a r o n  
di-mrial var ia t ion  observetions . Sol id  l i n e s  show f i e l d  
1i.nes resu l t ing  from addition of a c u r e n t  skeet i n  the  
t a i l  of the f i e l d  model or ig ine l ly  dlsccssed by &ad (1964). 
Dashed l i n e s  show f i e l d  i ines  due to the  current sheet alone. 
(*om William 2nd Mead, 1965). 
F i g u e  7: Four passes displayed as count r a t e  vs. A plots obtained near 
midnight meridian showiiig c o l l a p e  of oilr,?r boundary during 
rragnetic storm. Pass tiiles indicated 02 the  K p lo t  are a: 
0633 hrs Narch 29 (2ay 89), 1961,; b: 
89), 1964; c :  
Y c c k  31 (Say 91) , 1964. 
P 
1001 'ms March 29 (Day 
1508 k z s  Narch 30 (Day go),  1964; d: 0651 hrs  
3ig:W.e 8: 5ekavior of the  outer trapping boundary (defized at 1 count 
per see) dming the perlod iMm~h 29 through April 2, 1964 
mu i t s  cor re la t ion  w i t 3  K- . 
P 
- ?iigi;ce 9: id lo t  sl._o-,,ing K v a r i a t i o n ,  t a i l  f i e l d  xagnitude m d  d i rec t ion  
P 
at 30 R 
t3rougkout tne dist-.r?;ar,ce of April  I., 1964. (From ness and 
ar,d the  predicted and dDserved cluter trapping boundary e 
I 
,02Lt t I- - -'I t + t t t t t 1 - - - - - - I t t t t t +j 
t 
t 
,Bl!+t I - - -  It t + t t t t I - -  - -  - - I t + t t t t 4  
\ t t t t t t  4 1 8 ' b t  ! - - -  / t t t t t t t  I - - - - - -  8 
. 
. 
JANUARY 1564 
Figure 1 
, 
. .. 
.. .. D -q,:. 
* .  
. =  * 7  1 
1 
IU I c 
I 
lo$- 
. .  
t - -:- - 7 
I - I l -  
IAPUARY 1364 
Figure 2 
. . .  
I 
- -7 - . -~ 
8 . 1  
COUNT RATE VERSE TIME 1.3 0 
TRAPPED ELECTRONS, Ee 5 280kev ' 7  
I 
1 
c 
I T  
.... . * -  
a .  
8 .  
.. . 
OCTOBER 1963 
. . . -  
. .  :-:j .. 0 -  . . 
.I .  .'. a 
IRAUARY 1964 
F i g u r e  3 
. - .  
I 0' 
A degrees 
Figure 4 
t 
0 
0 
0 
U 
c 
F AI AI 
W a B )  g w  w 
u) c 
2 c 
0 
W 
W 
-
w 
Q, 
Q 
P 
0 
.L 
I 
0 
u) c 
a 
I I I I 1 I I I 1 I 1 I I . I  
? " q " ? " o q o " o m o  
I -  
I L n e * m m " - -  0 
I \  
1 . 
I 02- 
10'- 
I oo- 
K P  
1 02- 
I ol- 
IO0- 
. .  
5 
4 
3 
P 
I 
0 
89 9 0  91 
DAY NUMBER (1964) 
I I I I I  1 I ,  I I 
52 56 60  64 6 8  
e 
b a- 
e e 
a e 
a 0 
e 
B 
e 
6 a a 
e e  
O 
e b 
10-.- 
5 2  56 6 0  64 68 
C 
lo-' 
52 56 60 6 4  68 
io3-, 
e -6 e d 
e 
0 
e 0 
e 
a a 
6 
e ee a '  
0 
0 1 eo 
1 0- 
52 56 60 . 6 4  68 
A ,  ( D e g r e e s )  
Figure 7 
Day Nurn ber (1964) 
Figure 8 
, 
r 
6 
4 
2 
0 
The Johnr Hopkina University 
APPLIED PHYSICS LABORATORY 
f Silver Spring, Maryland 
24 
REFERENCES 
Anderson, K. A.,  H a r r i s ,  H. K. and Paoli, R. J.: J. Geophys. Res., 2, - 1039 (1-965) 
Armstrong, T.: J. Geophys. Res., - 70, 2077 (1965) 
Axford, W. I., Petschek, H. E. and Siscoe, G. L.: 
- 
J. Geophys. Res., 2, 
I 1231 (1965) 
Dessler, A. J. and Juday, R.  D.: 
Frank, L. A. , Van Allen, J. A. and Craven, J. D.: 
Planetary Space Sci . ,  - 13, 63 (1965) 
L 
J. Geophys. Res., 69, - 31.55 (1964) 
Frank, L. A.: University 
F r i t z ,  T. A. and Gurnett, 
of Iowa Report 65-14, May 1965 
D. A.: J. Geophys. Res., 70, 2485 (1965) - 
Maehlum, B. and O'Brien, B. J.: J. Geophys. Res., - 68, 997 (1963) - 
McDimmid, I. B. and Burrows, J. R.: Can. J. Phys. - 42, 616 (1964a)  
McDiarmid, I. B. and Burrows, J. R.: Can. J. Phys., - 42, 1.135 (1964b) - 
McDimmid, I. B. and Burrows, J. R.: J. Geophys. Res., - 70, 3031 (1965) - 
Mead, G.  D.: J. Geophys. Res., - 69, 1181 (1964) - 
Ness, N. F., Scearce, C. S. and Seek, J. B.: J. Geophys. Res., - 69, 3531 - (1964) 
Ness, N. F. and Wilcox, J. M.: Goddard Space F l ight  Center Report No. 
X-612-65-157, April  1965 
Ness, N. F.: 
Ness, N. F. and W i l l i a m s ,  D. J.: 
J. Geophys. Res., 2, 2989 (1965) - 
t o  be published Phys. Rev. Le t t e r s  (1965) 
+ r  
4 The Johns Hopkinr University 
APPLIED PHYSICS LABORATORY 
Silvbr Spring, Maryland 
1 
O'Brien, B. J. : J. Geophys. R e s . ,  6J 3687 (1962) - 
OlBrien, B. J. : J. Geophys. Res., 68, 989 (1963) - 
I 
O'Brien, B. J.: J. Geophys. R e s . ,  69, 13 (1964) - 
O'Brien, B. J. and Taylor, H.: J. Geophys. Res., 69, 45 (1964) - LI 
25 
, Taylor, H. E. and Hones, E. W.: University of Iowa Report 65-10, April 1965 
W i l l i a m s ,  D. J. and Smith, A. M.: J. Geophys. Res., 2, 541 (1965) - 
W i l l i a m s ,  D. J. and Palmer, W. F.: J. Geophys. Res., 70, 557 (1965) - 
W i l l i a m s ,  D. 3. and Mead, G. D.: J. Geophys. Res., 'JO, 3017 (1965) 
